The effect of K-deficiency on the putrescine biosynthetic enzyme, arginine decarboxylase (ADC), was Several forms of environmental stress, including K-deficiency (2,9), low external pH (10, 13), and osmotic stress (3, 11), induce an accumulation of the diamine, Put3, and its biosynthetic enzyme, ADC. The largest and most consistent stress-induced changes in PA metabolism have been observed in K-deficient oat and barley seedlings (1). In spite of extensive study, several questions involving the physiological changes associated with ADC have remained unanswered. In particular, neither the relation of increased ADC activity to the age of plant tissue nor the response of ADC to decreasing concentrations of K in the external medium has been thoroughly examined. Moreover, the effects of different replacement monovalent cations for K on ADC activity are unknown. In addition, strss-induced changes in the activity of an alternate Put biosynthetic enzyme, ODC,
inreased to more than 30 times the specific activity in the frst leaf of normal plants. This effect was due to a moderate rise in total ADC activity in the first leaf between 6 and 18 days, accompanied by a signiicant decline in protein content. Replacing KV with Na' or Li' signficantly inhibited the inreas in ADC activity in K-deficent oats, while Rb depressed the specific activity to a level below that in normal plants. An alternative putrescine biosynthetic enzyme, ornithine decarboxylase, was also examined. The specific activity of a pelletable form of the enzyme was increased 2-fold in the shoots of K-defcient oats.
Several forms of environmental stress, including K-deficiency (2,9), low external pH (10, 13) , and osmotic stress (3, 11) , induce an accumulation of the diamine, Put3, and its biosynthetic enzyme, ADC. The largest and most consistent stress-induced changes in PA metabolism have been observed in K-deficient oat and barley seedlings (1). In spite of extensive study, several questions involving the physiological changes associated with ADC have remained unanswered. In particular, neither the relation of increased ADC activity to the age of plant tissue nor the response of ADC to decreasing concentrations of K in the external medium has been thoroughly examined. Moreover, the effects of different replacement monovalent cations for K on ADC activity are unknown. In addition, strss-induced changes in the activity of an alternate Put biosynthetic enzyme, ODC,
have not yet been characterized. .uE/m2-s and at 23 ± 1°C for up to 3 weeks. Plants were irrigated every other day by the addition of the appropriate growth medium from above until media began to run out ofthe bottom of the container.
Clean quartz sand was obtained from a local building supply company. It was rinsed in 3-L lots in tap water until all debris was removed. The sand was then mixed with 1 N HNO3 for 10 min, washed with tap water for 20 min, and distilled H20 for 10 min, and finally dried overnight in Pyrex dishes at 10°C.
Several growth media were employed in these experiments. The macronutrient components of the various media are given in Table I . All media contained micronutrients in the following concentrations: FeEDTA, 40 mg/l; Nal, 0.75 mg/l; MnSQ4-H20, 0.1 mg/l; H3BO3, 0.03 mg/I; ZnSO4-7H20, 0.02 mg/I, Na2MO4.2H20, 0.0025 mg/l; CuSO4*5H20, 0.00025 mg/I; CoCl2-6H20, 0.00025 mg/L. In one set of experiments, a series of concentrations of KCI was employed. The details of this experiment are found in "Results."
Determination of PA Levels and Enzyme Activities. PA levels, ADC activity, and soluble ODC activity were determined by the methods described previously (13) .
Determiation of Peiletable ODC Activity. A pelletable form (Fig. 2a) , at which time the specific activity ofADC was over 300 pkat/mg protein. It 4 ADC specific activity; (U), ADC total activity; (0), protein content. E data point represents the mean of triplicate samples. (Fig. 2b) but much more slowly between 9 and 18 d. Prot content in the first leaf, on the other hand, peaked at 9 d a then declined rapidly up to 18 d, at which time the level protein was only 17% of what it had been at 9 d (Fig 2c) . Th the apparent increase of over 30-fold in the specific activity ADC between days 6 and 18 in the first leafcan be explained (Table II) . Furthermore, the leaves of+Li plants showed none of the white lesions characteristic of -K plants.
The addition ofmonovalent cations also had a profound effect on ADC in plants grown in K-free medium (Table II) . The addition of either NaCl or LiCl suppressed the increase in ADC normally observed in -K oats. ADC activity was more than 500% greater in -K than in +K oats, but only 74% and 46% greater in +Na and +Li plants, repectively. Surprisingly, +Rb plants contained ADC activity more than 3 times lower than in +K oats. Monovalent cations can therefore be ordered with respect to their ability to suppress ADC activity in oats, as follows: Rb, K, Li, Na.
Response of ADC Activity to KG Concentration. It is clear that growth is inhibited and ADC activity induced by growing oats on a medium contining only 0.006 mm compared with plants receiving 6 in Figure 3 , demonstrate that as the concentration of KG is lowered from 0.6 to 0.06 mM, growth (as expressed by mg protein/shoot) decreased 2-fold. Concentrations of KC lower than 0.06 mM did not result in any additional depression of growth nor did concentrations of KG geater than 0.6 mm result in inceasd growth.
ADC activity, on the other hand, was greater in oats grown at all concentrations of KG less than 6 mm, though concentrations of KG less than 0.06 did not result in any additional increase in its activity (Fig. 3) . Also, concentrations of KG greater than 6 mM did not result in lower ADC activity (data not shown). The concentration of KG in the external medium which caused 50% (Fig. 4) . No difference could be observed in soluble ODC activity between +K and -K oats at any age. Pelletable ODC activity, on the other hand, was twice as great in -K oats than in +K oats throughout the experimental period, even though ODC activity increased in both -K and +K plants (Fig. 4) . DISCUSSION These experiments demonstrate that ADC activity, along with the diamine, Put, increase massively and reversibly in K (5) while ADC appears to be in the cytoplasm (9, 12).
Increases in ADC activity in K-deficient cereals have been described before in the studies of Smith (8, 9) . In 26-d-old Kdeficient barley shoots, ADC activity was enhanced 2.2-fold over normal nutrition plants and in 21-d-old K-deficient oat shoots, ADC activity was enhanced 4.4-fold (9). Surprisingly, Smith did not observe a difference in ADC activity between K-deficient and normal nutrition oat shoots until 18 d after sowing, while in the experiments described in this report, significant differences could be observed in only 9 d. It is possible that this discrepancy is due to the fact that Smith included 4 mm NaCG in his growth medium while we have found that NaCG depresses ADC activity
